CHAPTER 8
ENERGY REQUI REMENTS AND CONSERVATI ON

8.1 Introduction

Land treatnent systens energy needs consi st of preapplication
treatnment, transmssion to the application site, distribution
punmping (if necessary), and tailwater recovery or punped
drainage (if required). The energy required for preapplication
treatnent varies considerably depending on the degree of
treatnent planned. The degree of treatnment depends on type of
system local conditions, and regulatory requirenents.
Determning energy requirenents for all preapplication
treatnent systens is beyond the scope of this manual; however,
equations for estimating, energy consunption of mninmm
preapplication unit processes are presented in Section 8.6.
Energy required for construction is too site-specific to be
included in this manual.

Energy for transm ssion fromthe preapplication treatnment site
to the land treatnent site depends on topography and di stance.
This is especially inmportant when considering alternative
sites. The energy required for transm ssion punping can range
anywhere fromzero to nearly 100% of the energy requirenents
for a land treatnment system This may often justify a higher
priced parcel of land closer to the application site.
Transm ssion punping is sonetines designed to also provide
pressure for sprinkler application. For sites |ocated bel ow
preapplication treatnent facilities with surface application
systens, punping usually will not be required.

Slow rate systens vary in terns of distribution energy and
possible tailwater control. Distribution systens nmay be
surface or sprinkler. Tailwater control requirenents depend on
the type of distribution system and discharge standards.
Sprinkler systens can be controlled so that no tailwater is
produced. Surface systens will usually have tailwater that
nmust be contai ned and reapplied.

Rapid infiltration systens are usually designed for surface
di stribution and application and so require mniml energy.
There is no tailwater punping, but punped drainage may be
necessary to control ground water |evels or recover treated
percol at e.

Overl and fl ow systens can use surface distribution with | ow
head requirements (Section 6.6.1). Sprinkler systens can al so
be used so energy will be required for pressurization. There
is no significant subsurface drainage with OF so this
potential energy requirement is avoided.
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8.2 Transm ssion Punpi ng

Under conditions wth favorable topography, a gravity
transm ssion system may be possi bl e and punpi ng not required.
| f punping is required, the energy needs vary substantially
dependi ng on the required head and how the transm ssi on system
is designed. The effect of topography on punping costs and
energy use shoul d be thoroughly eval uated during the pl anning
process.

Energy efficient design involves coordination of all elenents
of the system including sizing of punps, pipelines, and
storage facilities, as well as system operating strategy. The
system operating strategy involves placenent and sizing of
storage facilities. Wt wells are typically not designed for
significant flow equalization. Transm ssion punping systens
are sized to handle the peak community flows. This can be
acconpl i shed by multiple punps, one punp with a variabl e speed
drive, or sone conbination. Each system has differing
constraints that alter decisions on its design. ldeally, al
flow is equalized to provide nearly constant flow punping.
This allows selection of a punp at a maxi num efficiency.

Vari abl e speed drives, which are not as efficient as constant
speed drives, would not be required. Unfortunately, flow
equalization is not always feasible. In sone instances,
equal i zation costs may not be recovered by energy savings. The
choice of punping and equalization system design is site-
specific. Regardl ess of the punping systemused, pipeline size
can be optimzed. Optim zation of pipeline size wll provide
the opti mumtransm ssion system

The follow ng pipe size optimzation procedure was taken from
reference [1] . Obviously, larger pipe sizes result in |ower
punpi ng energy; however, excessively large pipes are not
econom cal

— 0-486 _0t3l6 0017 -
Dopt = AQ C (KT/PE) (8-1)

where Dy opti mum pi peline diameter, m(ft)

constant, 3.53 (2.92)

average flow, m/s (ft3s)

O o >
I

Hazen-W I | ians coefficient

8-2



K = average price of electricity, $/ kW

T = design life, yr

P = unit cost of pipe, $/linear mnmm
dia. ($/linear ft-in. dia.)

E = overal | punping system efficiency,
deci mal

For exanple, at a flow of 0.219 n¥/s (7.7 ft3s), a Hazen-
Wl liams coefficient of 100, a pipeline cost of $0.26/1inear
m mm di aneter, an overall punping system efficiency of 75%
electricity at $0.045/ kW, and a design life of 20 years, the
optimum pi pe dianeter is 0.50 m (20 in.) [2].

Wth the line size determ ned and a punpi ng system sel ect ed,
t he actual energy requirenent can be determ ned by the fol-
| om ng equati on.

(Q) (TDH) (t) (8-2)

Energy, kWh/yr = (F) (E)

wher e Q=flow, L/'mn (gal/mn)
TDH = total dynam c head, m (ft)
t = punping time, h/yr
F = constant, 6,123 (3, 960)
E = overal |l punping systemefficiency, decinal

The overall efficiency varies not only with design specifics
but also with the quality of liquid being punped. Raw
wast ewat er punpi ng requires punps that pass larger solids than
treated effluent. These punps are less efficient. Wen a
specific design is being contenplated, the overall efficiency
should be determned wusing punp, not or, and driver
efficiencies determned for the equipnent to be used. For
initial planning or prelimnary work such as site selection,
overall systemefficiencies can be assuned as foll ows.

Raw wast ewat er 40%
Primary effl uent 65%

Secondary or better effluent, tailwater,
recovered ground water, or stormater 75%
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8.3 General Process Energy Requirenents
8.3.1 Slow Rate

Energy consunption for SR consists of transm ssion,
distribution, possible tailwater reapplication, and crop
managenent. A wde range of surface and sprinkler
distribution techniques is possible. Surface systens require
energy for distribution and tailwater reapplication to the
site. Sprinkler systenms are highly variable with possible
pressure requirenments ranging from10 to 70 m (30 to 230 ft).
Cenerally, pressures will be in the 15 to 30 m (50 to 100 ft)
range.

Crop production energy varies substantially between the type
of crops grown. Table 8-1 shows energy requirenents for corn
and forage crops.

TABLE 8-1
ENERGY REQUI REMENTS FOR
CROP PRODUCTI ON [ 3]

Requirement, MJ/ha

Operation Corn Alfalfa
Tillage and seeding 1.41 0.22
Cultivation 0.37 NA
Herbicide/insecticide 0.37 0.37
Harvest 0.37 1.51%
Drying 4.69P NAS
Transportation 1,04 1.53

Total 8.25 3.63
a. Hay.

b. Mechanically dried; may in some cases
be field dried.

c Not applicable, field dried.

8.3.2 Rapid Infiltration

Rapid infiltration system energy requirements are primrily
those needed for transmssion. Surface distribution is
normal |y used. There are no crops grown so no fuel is consuned
for that purpose. Cccasionally, there are situations where
recovery wells and punps are used. Fuel will be needed for
basin scarification, but the quantity is not significant
because the operation is infrequent.
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8.3.3 Overl and Fl ow

Overland flow treatnment can use either surface distribution or
sprinkler distribution. Surface distribution requires m ninal
energy (see Section 8.6), while sprinkler distribution
requires pressurization energy.

To prevent nozzle cl ogging, raw wastewater or primary effl uent
shoul d be screened prior to distribution. Mechanically cl eaned
screens are preferred over comm nution since shredded materi al
returned to the streamcan still cause clogging. The anmount of
energy required for screening is insignificant conpared to the
punpi ng energy required. Equation 8-2 applies for the punping
ener gy conputati on.

Overland flow systenms require a cover crop that is often
harvested and renoved fromthe site. Energy is required in the
formof diesel fuel for operating harvesting equi pnent. Fuel
required is the sane as presented in Table 8-1 for alfalfa
har vest .

A summary of energy requirenents for |and treatnent processes
is shown on Table 8-2. The values presented are typical of
actual practice.

TABLE 8-2
MOST COVMON UNI T ENERGY REQUI REMENTS FOR LAND
TREATMENT OF MUNI Cl PAL WASTEWATER

Treatment Electricity Fuel, Total equivalent,
system Component KWh/1,000 m3 MJ/1,000 m3 kWh/1,000 m3
Slow rate Pumping for distribution 0.14 - 0.14
Crop planting, cultivation,
harvest, drying, transport - 0.68 0.20
Energy credit for fertilizer
value of wastewater = (0.50) (0.14)
Total 0.14 0.18 0.20
Rapid Distribution (gravity) - - -
infiltration Recovery wells 0.05 = 0.05
Total 0.05 - 0.05
Overland flow Transmission 0.10 -- 0.10
Forage harvest it 0.22 0.06
Total 0.10 0.22 0.06

Note: See Appendix G for metric conversions; kWh are used for electricity and total
equivalent energy, MJ used for fuel.
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8.4 Energy Conservation
8.4.1 Areas of Potential Energy Savings

Wth respect to energy conservation, there are two main areas
toreview First is transmssion to the site. Location of the
facility should, if possible, provide for adequate drop in
el evation between the preapplication treatment and the | and
treatment sites. This layout is sonetines possible with R
systens and certain SR systens. It is nore difficult to design
CF systens in this manner since sloping |land is necessary as
part of the process. For OF systens, site grading is usually
required to obtain desired slope so distribution punping is
typically necessary.

The second area of potential energy savings is wth the
di stribution nethod. For donestic wastewater with m ninal
preapplication treatnent, surface systens are preferred, since
surface systens are not as subject to clogging and usually
require | ess energy.

Distribution for SR systens is a function of topography and
the crop. Surface systens can be used on | evel or graded sites
(see Section 4.7.1). In the past, surface systens were
preferred by the agricultural industry; however, due to
i ncreased | abor costs and poor irrigation efficiencies, sone
exi sting surface systens have been converted to sprinkler
irrigation. For nmunicipal authorities where | abor wages are
hi gher than farm worker wages, the increased | abor costs are
i nportant.

Sprinkler distribution systens are relatively high-pressure
devi ces. Recent advances have been nmade in sprinkler nozzle
design to | ower headloss without sacrificing uniformty of
application. Figure 8-1 illustrates a center pivot systemwth
two types of sprinklers. The inpact sprinklers have a typica
pressure |l oss of approximately 60 to 65 m (200 to 215 ft);
wher eas, drop nozzles have a headl oss of 15 to 20 m (50 to 65
ft). This difference represents an energy savi ngs of about 95
kWh/ 1000 nB, w thout sacrificing distribution efficiency.

Surface systenms nmay not require punping energy except for
tailwater recycling. In this case, automated surface systens
(Figure 8-2) can be introduced to mnimze tailwater recycling
requirenents.
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DAOP NOZZLE SYSTEM

IMPACT SPRINKLER SYSTEN

FIGURE 8-1
CENTER PIVOT SYSTEM
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Wastewater

Automatic valves

Gated pipe

Tailwater Collection
Reuse pump

FIGURE 8-2
AUTOMATIC SURFACE IRRIGATION SYSTEM [4]

8.4.2 Exanple: Energy Savings in Slow Rate Design

The follow ng exanple illustrates how effective planning and
design can result in energy conservation. A summary of assuned
system characteristics used for this exanple is presented in
Tabl e 8-3.

TABLE 8-3
EXAMPLE SYSTEM CHARACTERI STI CS

Average flow, m3/d 38,000
System Slow rate
Preapplication treatment Pond

Application season May to October (5 months)
Hydraulic loading, m/yr 1.2

Net land area, ha 1,130

Crop Corn

Topography Nearly level, suitable for

all types of irrigation

Tailwater control No surface discharge of
applied wastewater allowed
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Three systens will be considered: surface distribution by
ridge and furrow, and two exanples of center-pivot appli-
cation. Since transm ssion of wastewater is essentially the
sane with all alternatives, it will not be included in this
di scussi on.

Ri dge and furrow distribution does not require punping for
distribution; but due to a no discharge of tailwater
requirement, energy is required to return tailwater back to
the application point (assunmed head: 3 neters). Depending on
the system design, the maximum tailwater recycle wll range
from30 to 70% of that applied. Conventional ridge and furrow
designs result in lower efficiency, wth the higher recycle
punpi ng requirenent. Alternatively, ridge and furrow systens
with automated recycl e cutback or automated val ves can i nprove
efficiency by lowering punping requirenents. The potential
savings fromsystem automation is sumari zed in Table 8-4.

TABLE 8- 4.
COVPARI SON OF CONVENTI ONAL AND AUTOVATED RI DGE
AND FURROW SYSTEMS FOR 38, 000 ni/ d?

Tail- Total
water Electric- Labor Amortized annual

pumping, ity, Laber, cost, Capital capital, cost,

System kWh/yr $/yr h/yr $/yr cost, § $/yr $/yr
Conventional 89,3060 2,950 2,800 30,800 16,000 1,520 35,270
Automated 33,500 1,100 1,400 15,400 45,000 4,300 20,800
Difference 55,800 1,850 1,400 15,400 -29,000 -2,780 14,470

a. Electricity at $0.036/kWh. Labor at 1.2 h/ha‘d for automated systems;
2.5 h/ha/d for conventional systems. Labor cost at $11.00/h. Capital costs
for pipeline, distribution system, reuse system meters (January 1980).
Capital amortized at 7-1/8% for 20 years.

The potential savings using automated irrigation systens are
significant; both energy consunption and cost can be reduced
substantially. In this exanple, energy requirenents were
reduced by about two-thirds, at an overall cost savings of
over 50%

If a center pivot irrigation system is wused, tailwater
recovery i s not needed. However, punping energy is required to
provide nozzle pressure. In this case the main factor in
energy conservation is nozzle design. The general goal is to
achieve uniformdistribution at the | owest possible pressure
loss. A conventional center pivot rig enploys inpact
sprinklers on top of the pivot pipeline. These devices require
a punping pressure of approximately 65 m (21 ft).
Alternatively, drop nozzles are used in nodern rigs which
devel op a headl oss of about 15 m (150 ft). Drop nozzl es have
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an addi tional advantage of producing | ess aerosol than inpact
systens. Capital costs, and operation and naintenance
requi renents (except for electricity) are conparabl e between
these two systens. The inpact on energy savings is shown on
Table 8-5. In this instance, costs were reduced and aerosols
wer e decreased by designing to conserve energy.

TABLE 8-5
COVPARI SON OF | MPACT AND DROP- TYPE
CENTER Pl VOT SYSTEM NQOZZLE DESI GNS
ON ENERGY REQUI REMENTS,
38, 000 nB/ day

Electricity, Energy

Nozzle type kWh/yx cost, $/yr
Impact 2,230,000 73,600
Drop 1,030,000 34,000
Difference 1,200,000 39,600

8.4.3 Summary

For purposes of conparison the total energy (electricity plus
fuel) for typical 3,785 nf/d (1 Myal/d) systens is listed in
Table 8-6 in order of increasing energy requirenments. It is
quite apparent from Table 8-6 +that increasing energy
expenditures do not necessarily produce increasing water
quality benefits. The four systens at the top of the Iist,
requiring the | east energy, produce effluents conparable to
the bottom four that require the nost.

8.5 Procedures for Energy Eval uations

The followi ng section provides step-by-step procedures for
conputing energy use for each of the three |and treatnent
systens. Exanples are also provided. The energy conputation
requires site selection and a decision concerning |ocation of
preapplication and storage facilities because elevation
differences for punping are critical. The distribution nethod
nmust al so be determ ned.
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TABLE 8- 6
TOTAL ANNUAL ENERGY FOR TYPI CAL 3,785 n#/d
(1 Myal /d) SYSTEM (ELECTRI CAL PLUS FUEL,
EXPRESSED AS 1,000 kW/yr) [5]

Effluent quality, mg/L Energy,

Treatment system BOD SS P N iﬁgggr
Rapid infiltration (facultative pond) 5 1 2 10 150
Slow rate, ridge + furrow (facultative pond) 1 1 0.1 3 181
Overland flow (facultative pond) 5 5 5 3 226
Facultative pond + intermittent filter 15 15 - 10 241
Facultative pond + microscreens 30 30 - 15 281
Aerated pond + intermittent filter 15 15 - 20 506
Extended aeration + sludge drying 20 20 - - 683
Extended aeration + intermittent filter 15 15 - - 708
Trickling filter + anaerobic digestion 30 30 - - 783
RBC + anaerobic digestion 30 30 -- - 794
Trickling filter + gravity filtration 20 10 - - 805
Trickling filter + N removal + filter 20 10 - 5 838
Activated sludge + anaerobic digestion 20 20 - - 889
Activated sludge + anaerobic digestion + filter 15 10 - - 911
Activated sludge + nitrification + filter 15 10 - - 1,051
Activated sludge + sludge incineration 20 20 -- - 1,440
Activated sludge + AWT <10 5 <1l <1 3,809
Physical chemical advanced secondary 10 10 1 -- 4,464
NOTE: RBC = rotating biological contactor.
8.5.1 Slow Rate

Step 1: Transm ssi on Punpi ng

1. El evation at site __ m

2. El evation at source __ m

3. El evation difference m

4. Average annual flowate L/mn

5. Punmpi ng systemefficiency %

6. Pi peline dianeter __ cm

7. Pipeline length __ m

8. Pi peline headloss __ m

9. Total dynamc head m

10. Energy requirenment kWh/ yr (. 8-2)
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Step 2:

NokwhE

Step 3:

oukwhE

Step 4:

Step 5:

(o]

Step 1:

[ —

ONoGhwNE

CovNOTRWNE

. 9.

2

Di stribution Energy

Flowate L/mn
Pressure head required
System effici ency
Qperating tinme
Pi pel i ne headl oss
Total dynam ¢ head

Ener gy requirenent

Tai l water Punping (if re

FIl owr at e L/ mn

Lift required m

Headl oss m

Assuned punpi ng system e
Qperating tine h/y

Till age and seeding

qui red)

fficiency
r

Cul tivation Ml/ ha- yr

| nsecticides and her bi ci
Harvest Ml/ ha- yr
Drying MI/ ha- yr
Transportation MO/

Crop area ha

Total fuel requirenent
Combi ne Steps 1 through
Rapid Infiltration

Transm ssi on Punpi ng
El evation at site

El evati on at source

des

ha- yr

(Eg. 8-2)

4, expressed as kWh/yr

El evation difference

Average flow L/mn
Assuned punpi ng system e
Pi peline dianeter
Pipeline length m
pi pel i ne headl oss
Total dynam ¢ head

Ener gy requirenent
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Step 2: Drai nage Water Control (if necessary)

El evati on of water source
El evati on of discharge m

Difference in el evati ons m

Qperating hours
Punmped fl ow L/ mn

Ener gy requirenent

NokwhE

Step 3: Conmbi ne Steps 1 and 2
8.5.3 Overl and Fl ow
Step 1: Transm ssi on Punpi ng

El evation at site m

El evati on at source m

El evation difference m

Aver age annual fl ow L/mn

Pi pel i ne di aneter cm

Pi peline | ength m

Pi peline headloss m

Total dynamc head m
Ener gy requirenent

CovNOTRWNE

[ —

Step 2: Di stribution System

Type of system
Fl owr at e L/mn

Pressure head required __ m
Assuned punpi ng efficiency
Qperating tinme h/ yr
Total dynamc head m
Ener gy requirenent

NokwhE

Step 3: Grass Renoval (Table 8-1)

Mai nt enance requi renments, fuel use
Grass renoval frequency
Fuel for harvest MI/ ha

Total fuel required

PwhE

Assunmed punpi ng system efficiency

Punmpi ng system efficiency %

(Eg. 8-2)

(Eg. 8-2)

(Eg. 8-2)

M/ har vest

harvest/yr

Step 4: Conmbi ne Steps 1 through 3, express as kWi/yr

8.5.4 Exanpl es

Using the previously presented step-by-step
foll om ng exanpl e probl ens were devel oped.
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8.5.4.1 Slow Rate

The slow rate systemis designed to treat pond effluent as
fol |l ows:

Average fl ow 15,000 L/mn
Season 5 nont hs
Applied flow 36,000 L/mn
Crop grown Corn

Di stance to site 100 m

Tai | wat er punpi ng Not required
Ar ea 650 ha

Step 1: Transm ssi on Punpi ng

El evation at site 50 m

El evation at source 48 m

El evation difference 2 m

Aver age annual flowate 15,000 L/mn
Punmpi ng system efficiency 40%

Pi pel ine dianmeter 76 cm

Pi peline Il ength 100 m

Pi peline headl oss 3.4 m

Total dynamc head 5.4 m

Energy requirenment 289, 711 kWh/yr

CovNOTRWNE

[ —

Step 2: Di stribution Energy

Flowate 36,000 L/mn

Pressure required 10 m

System efficiency 75%

Qperating tinme 3,600 h/yr

Pi pel i ne headl oss 2 m

Total dynam c head 12 m

Energy requirenment 338, 658 kWh/yr

NokwhE

Step 3: Tai lwater Punping (if required) (not required with
sprinkl ers)

FIl owr at e L/ mn

Lift required m

Assuned punping efficiency %
Qperating tine h/ yr

Ener gy requirenent

GhwheE
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Step 4: Crop production (full)

1. Till age and seeding 1.41 M/ ha-yr

2. Cul tivation 0.37 M)/ ha-yr

3. | nsecticides and herbicides 0.37 M/ ha-yr

4. Harvest 0.37 M/ ha-yr

5. Drying 4.69 M/ ha-yr

6. Transportation 1.04 M)/ ha-yr

7. Crop area 650 ha

8. Total fuel requirenment 5,120 MI/yr = 1,422 kWh/yr
Step 5: Total energy use = 629, 791 kWh/ yr

8.5.4.2 Rapid Infiltration

The rapid infiltration systemis designed to treat primary
effluent as foll ows:

Fl ow at e 15,000 L/ mn
Di stance to site 5,000 m
Dr ai nage punped wel |l s

Step 1: Transm ssi on Punpi ng

El evation at site 1,115 m

El evation at source 1,105 m

El evation difference 10 m

Average flow 15,000 L/mn

Assumed punpi ng system efficiency 65%

Pi pel i ne diameter 50 cm

Pi peline |l ength 5 000 m

Pi pel i ne headl oss 20 m

Total dynam c head 30 m operating 8,760 h/yr
Energy requirenment 990, 465 kWh/yr

CovNOTRWNE

[ —

Step 2: Drai nage Water Control (if necessary)

El evati on of water source 1,105 m
El evati on of discharge 1,115 m
Difference in elevations 10 m
Punmpi ng system efficiency 75%
OQperating hours 2,920 h/yr

Punmped fl ow 10,000 L/mn

Energy requirenment 63,585 kW/yr

NokwhE

Step 3: Total energy use = 1,054,050 kWh/yr

8- 15



8.5.4.3 Overland Fl ow

An overland flow systemis planned for a small conmunity. The
systemw || be used to treat screened raw wastewater. Design
paraneters are as foll ows:

Design fl ow 137 n¥/d

Di stribution nethod Gat ed pi pe
Di stance fromsource to site 100 m
Hydraul i ¢ | oadi ng 4.5 inlyr
Land area 1 ha

Step 1: Transm ssi on Punpi ng

El evation at site 125 m

El evati on at source of 120 m

El evation difference 5 m

Average annual flow 95 L/mn

Assumed punpi ng systemefficiency 40%
Pi peline dianmeter 10 cm

Pi peline Il ength 100 m

Pi pel i ne headl oss 1.22 m

Total dynam c head 6.22 m

Energy requirenment 2,113 kWh/yr

CovNOTRWNE

[ —

Step 2: Di stribution System

Type of system —gated pipe
Flowate 95 L/ mn

Pressure head required 3 m
Assumed punpi ng efficiency 40%
Qperating tinme 8,760 h/yr

Total dynamc head 3.3 m
Energy required 1,121 kWh/ yr

NokwhE

Step 3: G ass Renoval

Mai nt enance requi renments, fuel use 0.59 M/ harvest
Grass renoval frequency 3 harvest/yr

Fuel for harvest (including transportation)
3.04 M/ ha

Total fuel required 3.63 MI/yr = 1.0 kW

Pk WNhE

Step 4: Total energy use = 3,235 kWh/yr

8.6 Equations for Energy Requirenents

In addition to Equation 8-1, a | arge nunber of equations have
been developed from the curves in reference [6] and are

presented in reference [5] . Selected equations are presented
in this section to allow the engineer to estimate energy
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requi rements for mninum preapplication treatnment and for the
three land treatnment processes. In all equations, Y is the
energy requirenment in kW/yr.

8.6.1 Preapplication Treat nment

Mechani cally O eaned Screens

log Y = 3.0803 + 0.1838(10g X (8-3)
- 0.0467 (log X)?
+ 0.0428 (log X)3

where Y = electrical energy required, kWl/yr
X =flow, nm/d (Mal/d)
Assunptions = normal run times are 10 mmih, Dbar

spacing 1.9 cm (0.75 in.), worm gear
drive is 50% efficient

Conmi nut or s

log Y = 3.6704 + 0.3493(1 0og X) (8- 4)
+ 0.0437(log X)?
+ 0.0267 (log X)3
Git Renoval
Y = AX%24 (8-5)
A = 73.3(530)
X =flow, nm/d (Mal/d)

Assunptions = nonaerated, square tank, 2 h/d operation

Aer at ed Ponds

Y = AX:00 (8-6)
A = 68.7 (260, 000)
X =flow, nm/d (Mal/d)
Assunptions = | ow speed nechani cal aerat ors, 30 d
detention, 1.1 kg 0,/ kWh
Q her preapplication treatnment processes will involve many

potential sludge treatnent and disposal options and are
included in reference [5].
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8.6.2 Land Treat nent Processes

For sprinkler application in each |land treatnent process and
OF and R distribution, use the previous checklist and
Equation 8-2. Equations are presented for ridge and furrow,
and graded border SR application along with the assunptions.

Ri dge and Furrow

Application = 250 d/yr, tailwater return at 25%
annual leveling and ridge and furrow
repl acenent

Y = AXt-0 - electrical (8-7)
A = 3.17 (12,000)

X =flow, nm/d (Mal/d)

Y = AX:00 - fuel (8-8)
Y = MJ/yr (10° Btu/yr)

A = 1.55 (20)

X =

flow, ni/d (Mal/d)

G aded border

Application = 250 d/yr, tailwater return at 25%
Y = AXL 00 (8-9)
A= 4.2 (16,000)
X =flow, nm¥/d (Mal/d)
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